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A RADIATION IMAGING SYSTEM, DEVICE AND 
METHOD FOR PANORAMIC IMAGING 

The present invention relates to a high energy imaging system, device and 
method. In particular, but not exclusively, the invention relates to multi-slice 
tomographic panoramic imaging systems. 

In traditional panoramic imaging, the X-ray source and the film cassette are 
located on opposite sides of a patient's head. During an exposure, the X-ray source 
and the film cassette are rotated around the patient's head. The centre of rotation does 
not remain stationary but is also moved along a predefined path. The X-ray beam is 
collimated and is typically very narrow and therefore only a narrow part of the film is 
exposed at any time. The film cassette is also moved during the exposure. The speed 
of the rotation, the speed of the cassette movement and the X-ray intensity is varied 
during the exposure to compensate for the different X-ray absorption in different parts 
of the skull. The speed of the film cassette is chosen in a way that a wanted layer is 
projected sharp in the final image. Panoramic imaging with film cassette is illustrated 
in Figure 1. I the image, two positions for the X-ray source, X-ray beam and the film 
cassette are shown. This illustrates the rotating operation of a panoramic imaging 
system. The direction of rotation is shown with arrows. Also, the direction of film 
cassette movement and the movement of the centre of rotation are indicated with 
arrows. 

An aspect of the invention provides an imaging system for imaging high 
energy radiation comprising: 

a radiation source member for providing radiation with energy more than 
1 keV; and 

a semiconductor imaging device; 

said radiation source member and said semiconductor imaging device disposed 
about an object location region for said system; 
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wherein at least one of either said radiation source member or said 
semiconductor imaging device and said object location region are movable with 
respect to each other for illuminating a part of an object disposed in said object 
location region from two or more directions; and 

wherein said semiconductor radiation imaging device comprises a plurality of 
imaging cells for producing image cell output values and further comprises readout 
circuitry for individually addressing at least some of said imaging cells, said read-out 
circuitry operable to read out an image cell value from each of said individually 
addressable imaging cells a plurality of times during image acquisition. 

Another aspect of the invention provides an imaging system for imaging high 
energy radiation comprising: 

a radiation source member for providing radiation with energy more than 
1 keV; and 

a semiconductor imaging device; 

said radiation source member and said semiconductor imaging device disposed 
about an object location region for said system; 

wherein at least one of either said radiation source member or said 
semiconductor imaging device and said object location region are movable with 
respect to each other for illuminating a part of an object disposed in said object 
location region from two or more directions; and 

wherein said semiconductor radiation imaging device comprises a plurality of 
imaging cells for producing image cell output values and further comprises readout 
circuitry for individually addressing at least some of said imaging cells, said read-out 
circuitry operable to read out an image cell value from each of said individually 
addressable imaging cells at least once in a time interval during which any point within 
said part to be imaged for an object is projected onto said imaging device over a 
distance that is not substantially larger than the size of an imaging cell along the 
direction of movement. 

In a preferred embodiment, each of said imaging cells are read out multiple 
times in said time interval. 
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Preferably, the radiation source member comprises a mount for a radiation 
source for producing radiation having an energy greater than 1 keV. 

Yet further preferably, said object location region is fixed. 

An example of a digital imaging device for panoramic imaging has been 
developed. The imaging device consists of a semiconductor detector flip-chip bonded 
to a CMOS read-out circuit. CdTe or CdZnTe is used as detector material offering 
superior quantum efficiency. Construction of a sensor tile is shown in figure 2. Other 
detector materials can be used as well. The sensor consists of 8 detector tiles, each of 
size 1 .08 x 1 .80 mm 2 and with a 100 |jm pixel pitch. A different number of tiles can 
be used to create a smaller or larger imaging area. Multiples of tiles can be butted 
together in order to create a continuous imaging area. The dimensions and pixel pitch 
of the sensor tiles are not limited to the numbers mentioned above. 

Because the X-ray beam is typically very narrow in the panoramic systems, the 
CMOS read-out circuit has been designed with that in mind. The pixel addressing is 
preferably done column by column. The chip can also be operated in 4 different 
operating modes: full CMOS, 8 mm, 6 mm, and 4 mm. The operating mode can be 
selected according to the X-ray beam width of the system. For example, if the width 
of the X-ray beam is 4 mm or less, the CMOS read-out device can be set to operate in 
the 4 mm mode. This means that only a 4 mm wide strip from the centre of the ^ 
detector is read. By doing this, less pixels have to be read, reducing the data to be 
processed and also reducing the amount of data to be transferred. In other words, the 
operating modes can be used to select the active area of the detector. The umber of 
operating modes is by no means limited to 4. The operation of different modes for 
selecting the active area is illustrated in Figure 3. 

The CMOS read-out circuitry provides means for connecting several sensor 
tiles together. With control signals, the entire area can be scanned as one sensor or the 
sensor tiles can be grouped into smaller groups. For example, four 2-tile groups can be 



selected. This enables use of several parallel channels for the processing of output 
data. The data rates in panoramic systems can be very high and therefore it may be 
necessary to use more than one read-out channel. 

In addition to being able to select the active area according to the used X-ray 
beam width, the CMOS frame read-out offers an additional advantage compared to 
traditional film-based systems and CCD-based systems running in time-delayed 
integration (TDI) mode. In this invention, the output is frame output at a very high 
frame rate. Any pixel in the final digital panoramic image consists of several pixel 
values from different frames. The final image is constructed of several frames partly 
overlapping each other. The reconstruction of the image can be done in a computer or 
in hardware. In a panoramic image, a wanted layer is displayed or manifest as a sharp 
region in the image and everything else is more or less motion-blurred, depending on 
how far from the sharp layer the object is. Typically, this layer is selected to follow 
the centreline of teeth. However, different people have different sized skulls and the 
sharp layer is not always where the doctor would want it to be. 

With the frames stored separately in hardware or in computer memory, there 
are more possibilities to reconstruct the final image or several images can be created 
with sharp layers at different depths. From the stored frames, several layers can be 
produced and viewed on the computer screen. This can be taken even further by 
constructing a 3D image using the stored frames. 

In the digital system, the film cassette is replaced by a digital sensor. Unlike in 
the film-based systems, the sensor is very narrow, much narrower than the film 
cassette. The sensor is only slightly wider than the X-ray beam. In film systems, the 
desired projection is achieved by moving the film cassette as the system rotates 
keeping the projection of desired layer stationary on the film level. In the digital 
system, the sensor remains stationary reading out frames at a high speed. High frame 
read-out is necessary to prevent motion blurring in the direction of rotation. The 
frames are stored for later processing by hardware or computer software. 
Alternatively, the frames can be processed in real time. As new frames are acquired 



5 



they are added to the previous image by shifting them in the direction of the rotation 
sot hat the same objects in the two frames overlap each other. The amount of shifting 
can be calculated when the speed of rotation, the frame rate, the centre of rotation and 
the position of the desired object layer are known. 
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